ABSTRACT
INTRODUCTION
Subarachnoid hemorrhage (SAH) with or without an intracranial aneurysm is a serious health problem with a high case fatality. Aneurysmal SAH accounts for approximately 5% of all strokes (1) , and aneurysm rupture is the cause of 85% of spontaneous SAH cases. Although there are novel strategies and advances in management, ruptured cerebral aneurysms still carry high mortality (30-50%) (2) . The clinical presentation of cerebral aneurysms may be complex and multifactorial. Before deciding on the treatment modality there is a need to clarify the aneurysm's characteristics and its relation with SAH. The location, size and morphology of the aneurysm and the patient's age, previous medical history and comorbid pathologies may affect the severity of hemorrhage as well as the clinical outcome.
In up to 20 % of patients with SAH, no bleeding source can be identified despite neuroradiological investigations (3) . In such patients, the clinic is much better than aneurysmal SAH, with a low risk of rebleeding (4) . However, there is a need of more data about SAH with negative angiography. The clinical difference between such patients and aneurysmal SAH would provide clinicians with a broader view of SAH.
In this study, we investigated the demographic and clinical features of our patients with aneurysmal and nonaneurysmal SAH. Additionally, the characteristics of the aneurysms including localization and size and their relation with the severity of the hemorrhage were also evaluated.
MATERIAL AND METHODS
This is a retrospective study of 205 patients with SAH who were admitted to the Departments of Neurology and Neurosurgery between December 2013 and February 2016. The patients were diagnosed as having SAH according to noninvasive neuroimaging studies including computed tomography (CT), magnetic resonance imaging (MRI), CT angiography and MR angiography. All subjects had neurological examinations by a neurosurgeon or a neurologist. The cerebral DSA procedures were performed in the angiography suite by an endovascular specialist within 2-48 hours (mean 6.5±0.96h). Selective catheterization of the internal and and anterior cerebral arteries (ACA), posterior circulation aneurysms, and multiple aneurysms. The size of the aneurysm was also measured using the largest diameter measurement based on the long or perpendicular axis on the cerebral angiogram. The diameter, neck, and diameter-neck ratio of the cerebral aneurysms were also calculated. The patients were analyzed according to their World Federation of Neurosurgery Scale (WFNS) and Fisher scores.
The study was approved by the local ethics committee of our university.
Statistical Analyses
All statistical analyses were performed with SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). Group comparisons were performed with Student's t-test for normally distributed continuous variables or Mann-Whitney U test for other continuous variables. Multiple mean comparisons were analyzed by one-way ANOVA, and p<0.05 was considered statistically significant.
RESULTS
A total of 205 patients (107 females and 98 males) with SAH and with a mean age of 58.38±10.91 (20-85) years were included in the study. The patients were divided into two groups: aneurysmal (group 1, n:130) and nonaneurysmal SAH (group 2, n:75). The demographic characteristics and the clinical profiles of patients are shown in Table 1 . Both groups were also compared for comorbidities and drug usage, but no difference was found ( Table 1 ). The only The cerebral aneurysms were evaluated according to their localizations and evaluated in six subgroups. Most of them occurred in anterior communicating artery (AComA). (n:41, 20%). The others were located as follows: middle cerebral artery (MCA) (n:30, 14.6%), internal carotid artery (ICA) (n:30, 14.6%), anterior cerebral artery (ACA) (n:4, 2%), posterior circulation aneurysms (n:12, 5.9%) and multiple aneurysms (n:13, 6.3%). There were no significant differences between these six subgroups with respect to the size, neck and diameter-neck ratio of the aneurysms. However, when we compared the severity of SAH, we found that patients with posterior circulation aneurysms had lower WFNS and Fisher scores ( Table 2) . The cerebral aneurysms were also divided into three groups according to their sizes. Most of the cerebral aneurysms were in the diameter range of 7-12 mm (n:72, 55.4%), followed by >13 mm (n:48, 36.9%) and <7mm (n:10, 7.7%). The diameter, neck and diameter-neck ratio of the cerebral aneurysms of these three groups were compared but no statistically significancy was found. Although WFNS and Fisher scores seemed to be higher in patients with cerebral aneurysms of >13mm this did not show any statistical difference (Table 2 and 3) .
Medical comorbidities, antiaggregant and anticoagulant usage were also compared between aneurysmal and nonaneurysmal SAH groups and no significant difference was found (Table 1) . However, in patients with hypertension, WFNS (3.97±1.38 vs. 3.34±1.4, p=0.006) and Fisher (2.8±1.01 vs. 2.43±0.89, p=0.007) scores were higher than in nonhypertensives. Table 3 . Clinical features of cerebral aneurysm subgroups.
DISCUSSION
In this study, the demographic and clinical differences between aneurysmal and nonaneurysmal SAH were investigated. We found more severe hemorrhages in the aspects of and WFNS and Fisher scores in patients with SAH due to aneurysm rupture. It has been previously shown that patients with nonaneurysmal SAH have a better prognosis than those with aneurysm related SAH (5). The results of our study also confirm other reports (6) (7) (8) . Cerebral aneurysm which is associated with vascular may worsen the amount of bleeding. Therefore, aneurysmal cases have more blood, which is associated with worse clinical status with higher WFNS and Fisher scores.
We found no significant difference between groups in terms of age, gender, comorbid diseases and drug usage. The mean age of our patients (58.38±10.91) was similar to that in the current literature (5, 9) . No significant difference of gender was found between aneurysmal and nonaneurysmal SAHs in our study (10) . However, in the literature there are conflicting data about gender distribution. Although non aneurysmal SAH was found to be more common in males (5, 11) , there are also studies suggesting higher prevalence in females (12, 13) . Nevertheless gender do not influence the disease severity, similar with our findings.
The localization of the aneurysms were also analysed in this study. Most of the ruptured aneurysms were located at AComA (31.5%) and secondly MCA (23.07%) and ICA (23.07%). The diameter and diameter-neck ratio of aneurysms didn't differ according to the localization. We also found that WFNS and Fisher scores were lower in SAH patients with posterior circulation aneurysms. In the study of Kozba including 402 aneurysmal SAH patients, most of the ruptured aneurysms were originated from AcomA (38.5%). The second most common site was MCA with a percentage of 37.8%, which is higher than our findings (14) . Concomitant with the literature, aneurysms located at AComA and MCA are most likely to bleed (14) (15) (16) .
Although it is well known that perimesencephalic SAH is mainly non-aneurysmal and associated with favorable prognosis (17) , one third of perimesencephalic SAHs are caused by the rupture of a posterior circulation aneurysm (18) . Fisher CT clot burden, and ruptured aneurysm location and diameter were found to be weak prognostic factors for the clinical outcome of SAH. In our study we also found that aneurysms of anterior circulation had similar WFNS and Fisher scores. On the other hand patients having SAH due to the rupture of an aneurysm located in the posterior circulation (n:12, 5.9%) had lower WFNS and Fisher scores. This may be the result of low number of our patients.
It has been also indicated that intracranial aneurysm size may be a primary determinant of rupture probability (19 reported to be 4-10mm. Unruptured small aneurysms (<10mm) were shown to have good prognosis without surgical treatment (16, 20) . In patients with unruptured intracranial aneurysms of less than 7 mm in diameter the rupture rate (about 0.1% per year) was reported as lower than that of larger aneurysms (21) . Although aneurysm diameter has commonly been analyzed as a categorical predictor, different threshold values have been applied in different studies (22) (23) (24) , and therefore comparison of reported results is difficult. In this study, patients were analyzed according to aneurysm diameter in three subgroups (<7mm, 7-12mm, >13mm). Most of our patients had aneurysms with a diameter of >7mm (92.3%). The most common aneurysm size was between 7 and 12mm (55.38%). Small aneurysms have a low risk of bleeding. In this study, symptomatic aneurysm with a diameter of <7mm could be find only in 8% of our patients which is concominant with literature (21) .
No significant difference of WFNS and Fisher scores reflecting disease severity were found between these three groups. Additionally, there were no statistical differences of aneurysm diameter or diameter-neck ratio according to the localization. Although in the literature aneurysms in the anterior choroidal artery and the pericallosal artery tended to have a smaller size, our data showed no difference (15) .
Our data was suggesting an independent association between premorbid hypertension and outcome. It has been reported that previously diagnosed hypertension increased the risk of SAH (25) . In another study, it was shown that cerebral arteries from hypertensive rats are more susceptible to the vasosplastic effects of SAH than those from normal rats (26) , which may also affect the clinic. In hemorrhage the pressure around the bleeding site rises until it equals arterial pressure, then the bleeding site clots. In comorbid hypertensive SAH patients, it is difficult to control arterial pressure. Additionally, the impact of the bleeding increases the pressure across the intracranial space above mean arterial pressure, temporarily impeding cerebral perfusion pressure (6) .
Our study has several limitations. The two groups did not have the same number of subjects. We included mainly aneurysmal SAH patients and it was not possible to perform comparison of perimesencephalic nonaneurysmal SAH because of the small study group. Secondly, the calculations of Subarachnoid hemorrhages with and without cerebral aneurysm aneurysms were made in the initial cerebral angiography and it was not possible to evaluate the effect of vasospasm. It would be much better to compare mortality, long term results of morbidity with modified Rankin scale between SAH patients with and without aneurysm.
In conclusion, the demographic and clinical data of SAH in our region was evaluated and our findings were concominant with the literature. WFNS and Fisher scores were found to be higher in aneurysmal SAH, and also in patients with comorbid hypertension. Ruptured aneurysm localization diameter, neck and diameter-neck ratio of aneurysm have no effect on bleeding severity in our study. The most ruptured aneurysms were detected in AComA. Although patients with posterior cerebral aneurysm had better clinics, because of the small number of them, it was difficult to make a comment on this.
